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By J. L. Allen and P. C. S h o n  

An investigation rns made t o  determine the performance of twFn- 
scoop s ide   in le t s  mounted on the fuselage of a proposed supereonic 
aircraft. The inlets ut i l ized half of  a c d c a 1  epike ag the com- 
presEion surface and a ram-type  boundary-layer-removal  system. Two 
types of spl i t ter  plates were used to   separate  the flow entering  the 
boundary-layer duct and main inlet. Also, two longitudinal  positions 
of the semioone were tested t o  simulate a variable-geametry inlet. 
This research was conducted at the E46A Lewis 8- by 6-foot  supersonic 
tunnel at Mach numbere of  0.63 and 1.5 t o  2.0 at sngLes of attack *am 
Oo t u  U0. Tests were also made a t  zero flight. Mach n>:za3er Go evaluate 
tske-off performance. s 

* 
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Peak total-pressure  recoveries of about 0.86 t o  0.95 were obtsided 
at flight Mach numbers of 2.0 and 1.5, respectively, a t  the  intended ' 

m i e e  angle of attack of 3 O  w i t h  complete removal of the fuselage 
boundary layer forward of the   in le t .  The Mach number of the flow 
immediately ahead of the inlet was about  1.83 a t  a flight Mach number 
of 2.0 and about 1.39 a t  a flight Mach number of 1.5. The inlet 
captured  practically all the local stream tube at a flight Mach number 
of 2.0 and a t  a c r i t i c a l  pressure recovery of 0.83. 

A t  a flight Mach number of 1.5, translating the semicane t o   t h e  
aft position  increased the mptured mea flow with no signif icant  
change in preesure  recovery. However, at  flight Mach numbers of 1.9 
and 2.0 with the cone in the aft position, the operating range of the 
inlet was severely lFmited by pulsing, and pressure  remvery was 
EUb6ta&ially reduced. . 

Peak total-pressure  recovery  varied f'roan 0.88 t o  0.70 f o r  angles 
of attack f r o m  0' t o  12O a t  a flight Mach number .of 2.0, A t  a flight 
Mach number of 1.5, pressure recowry did not change appraciablg 8~ the .I 
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angle of attaok varled frm Oo t o  9'. Sweep- back the spl i t ter-plate  
lead- edge increased  the  stable  subcritical  operating range of the 
inlet at a flight Mach  number of 2 0-for angles of a t tack fram Oo t o  9'. 

A t  the  subemio Mach  number of 0.63 a p r e s m e  recovery of 0.97 
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IF38 8 t t ah0d  for Critical -0% flOW W i t h  the C o h e  in the aft pO8itim. 
A t  zero forward velocity 8 large vena-cantracta effect was observed 
which may limit the perf'culnanoe at take-off unlese auxiliary Wets  
are used. 

LNTROIXTCTION 

The performance of scoop or side-type W e t s  I s  not as well hown 
as that-of  symmstricalnose hlets. Previous pmliminary investigeLtiona 
of half-cone inlets  reported in references 1 and 2 simulated a fuselage 
inlet installation by u t i l l e lng  flat plates   to   generate  boundary Layer 
ahead of the lnlets. For these investigatium, uniform supersonic flaw 
fields were maintained ahead of the ln le ts ,  and pressure recoveries 
comparable with c&lcal nose inlets were obtalmd when the boundary 
layer was ccrmpletely  removed. In the practical  applioatian of an inlet 
t o  an airplane,   the  entire flaw field at the inlet can  be distorted , 

because of asymmetrical b d y  shape and body cross-flow effects  at 
angle of attack, poss ib ly  cauelng detrimental  effects cm performsnce. L 

An investigation of the  perfcmmnoe of several  typea of ecoop inlets 
located on a supersonic aircraft fuselage has been oanducted in the NACA 
Lewis 8- by 6-foot supersonic tunnel. OnlJt-one location of the inlets V 

on the body has been considered. A general comparison of the  over-all 
performance of various types of inlets is presmted in referenoe 3. 
This report  presents  detailed performance data of an inveetlgatian of 
half-cone-type inlets.  Detailed r e s u l t s  for ramp-type in le t8  a.re 
presented in  reference 4. 

..  .. . 

The investigation wa~ conducted over a range of supersonic Mach 
nugibers f r o m  1.5 t o  2.0 and at  subsonic Mach numbers of 0 and 0.63 a t  
angles of-attack from Oo t o  12O. TKO longitud-inal  positions of the 
semicone were  investigated as well a0 various "t, modificatione. 
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SYMBOLS 

The f o l l o w h g  eymbols are used In thie  report:  

area 

m o d e l  external drag coefficient based on maximum fuselage Gross- . 
sectional  area of 1.784 SQ ft, 

haight above canopy of bounda?y-layer-eooop leading edge, in. 

Mach  number - 
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P total pressure 

P static pressure 

V velocity 

Y normal distance from sp l l t t e r  plate or radial distance from cone 
at plane of survey, in. 

a angle of attack 

B inlet flow approach angle 

s boundary-layer thichess, in. 

P maaa density of air 

Subscripts : 

- b  distinguishes boundary-layer mass-flow ratios *am those of 
main inlet 

d boundary-layer  duct 

P projected, m ~ s  flow based on projected fnlet area normal to 
-0PY 

left wedge bar 

maximum 

right wedge bar 

boundary-layer  eooop 

free  stream 

rninhm inlet  area 

Inlet-entrance r&e statim, m o d e l  station 73.0 

diffuser-discharge  rake  station, model station 97.25 
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Pertinent mass-flow ratioe: 

mass flow through inlet 
maximum theoret ical  mass flaw f o r  

choking at mLn- area , 

boundary-layer-scoop mase-f low r a t i o  = 
maes flow enter- a t  ECOOP leading edge 

mase flow available at  canopy f o r  given ecoop height 

boundary-layer-duct mass flow 
pOv&d 

t- w co 

A photograph af the quarter-scale model investigated eh- half- Y 

cone inlete   inetal led m. the fuselage Torebody of a proposed aircraft 
is presented Fn ffgure 1. P l a n  and side viewe, inoluding typical  cross 
sections of the basic fuselage, are ehown Fn figure 2. Sohematic moss 
sections of  the  various inlets inveetigated  (sectians are taken a t  the 
inlet center llne in a glane normal t o  the f'uselage) are preeented in 
figure 3, and the resultant area a l s t r ibu t iam of the diffurjere .!xw 
shown in figure 4. The longitudinsl  center lines of the W e t .  omes 
were para l le l  to the  angle-of-attack axis, The inlets were halves OF 
external compression single-omic81 shock inlets with 8 subsonic-dud 
t ransi t ion from a semict~culas entrance to a circulaz  passage;  the 
duct  discharge was approxhmtely 5.3 inlet diamaters aft and b.1 inlet 
diameter darn r e l a t ive   t o  the t i p  of the haw cane. T n i c a l  CTOBEI 
seotions of the  subsonic  duct are indioated i n  figure 4. A s p l i t t e r  
p l a t e  separated  the flaw entering  the inlet and that entering  the ram- 
type boundary-layer ecoop and extended acrose the full width of' the 
inlet. The lnternkil boundmy-layer duct made 8 constant-area t ransi-  
t ion  into a clrcular duc t  which discharged parallel t o  the main air- 
flow ducts. 

I c 

The first b l e t  investigated (fig. 3(a) ) had a sedcone angle 
of 25'. The tip of the cone was positioned f o r  conical shock 
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intersection  with  the cowl l i p  a t  a local MElch number of approximately 
2.0. The top  plane of the  spl i t ter   p la te  was pazallel to the fuselage 
axis. The boundary-layer scoops had enclosed sides snd were 0.44 inch 
high at  the  entrance. Three accumulative  modifications were evaluated 
on the first w e t :  (1) The sides of the boundary-layer  scoops were 
removed t o  the plane of the M e t ,  (2) the canopy lines (oanopy refers  
to the   f la t   surface lmmsdiately f o m z r d  of the in le t )  were modified as 
sham in figure  3(a) t o  pro de a boundary-layer scoop height of 
0.80 inch, and (3) a d o t  % inches long by 1/21 inch high w a ~  cut in pi 
each side of the  inlet  carling  adjacent to the inlet floor. 

The second in le t  (figs. 3 (b) and 3 (0) ) , hereinafter called the 
redesigned inlet ,  was installed  with  the  splitter-plate  surface 
parallel t o  the   modi f ied  canopy. The semicane angle was again 25O, 
but  the initial t i p  positian -6 selected t o  give conical shock inter-  
ception  with  the cowl l i p  at a l o o a l  oanopy Mach  4umber of 1.83 
(corresponding t o  a flight Mach  number of  2.0). In order to a t t a i n  a 
boundary-layer  scoop  height of 0.80 inch,  the  spli t ter   plate,  cone, 
and cowling were mowd forward eo that external lFnee could be faired 
i n t o  existing  fuselage lines a t   s t a t ion  79.5. The sides of the bol.mdary- 
lager scoop were eliminated a s  far as 1~ inches aft; of the cowl l i p .  
A second longitudinal  position of the semicone, 0.93 inch aft of the 
splitter-plate  leading edge, WBE a lso  investigated. 

1 

Ln figure 5 is shown a photograph of typIca1 inlet and removable 
canopy inetrumentetion installed on the starboard (pi lot ' s   r ight)  M e t  
of one of the mcdificatianer of the first configmatian.  Instrumentation, 
testing  technique, and data  reduction methods are similar to those of 
reference 4. A m e a n  total pressure at the  inlet-entrance  rake  plane of 
survey was obtained by an area  weighting of the rake profileB. Thirteen 
se ts  of total-preBsure tubes (114 in. -can the w e t  floor) and s ta t ic -  
orifice  taps were located in three  longftudinal row8 t o  determine if 
separated flow existed in  the  subsonic  diffuser. 

Mass f lows were  computed f o r  chokhg a t  the cmt ro l  plug with the 
use of an average (area  weighting) t o t a l  preesure a t  the dFffuser exi t  
rake f o r  eupersonic and zero  f l ight   mch numbers. Diffuser-discharge 
Mach numbers  were  computed f r o m  the one-dimensional &rea r a t i o  re la t ion 
between the  sonic  discharge and rake s t a t i m .  A t  a flight Mach 
number of 0.63, the  control  plug was not choked, and therefore  diffuser- 
discharge Mach numbers were computed f r o a n  m.?qs-flaw and total-pressure 
measurements t o  sa t i s fy  one-dimensional conthuity  relations.  Mass- 
f l o w  ra t io  f o r  the  supersonic Mach numbers is based on the   inlet  
projected  area norm81 t o  the canopy,  which was 16.9 square  inches f o r  
the first i n l e t  and 13.3 square  inches f o r  the redesigned  inLet. Mass- 
f l o w  ra t ios  f o r  flight Mach  nLLmberE of 0.63 and zero are  based on 
minimum i n l e t  f l o w  area 
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Two maes-flw ratios are used t o  desa5be the flaw of the b O U d a y -  
layer air. The r a t i o  of mass flow entering  the scoop t o  that available 
a t   t h e  mnopy measuring stat ion for a given scoop height is d e f i n e d  as 
the scoop mass-f low r a t i o  (mS/m&. The boundary-layer-duct  nasa-flow 
ra t io   (q /%)b  is t he   r a t io  of duct mass flow t o  that of a free-stream 
tube  with area equal_-to- the duct area (conetant-area  duct) The latter 
r a t i o  is oonsldered more aocurate than the i i c o o $ " ~ s ' l l o w  inasmuch as 
it does not depend on oanogy measurements. 

Drag force is defined as thrust (change In Munentum of the air flow 
through  the main i n l e t B .  frm free stream t o  diffuser rake stat ion)  
minus the summation of strain-gage balance  farces m a  baee foroe. 
Forces on the mass-flow control plugs were not nieasured by the balance. 
The manenturn decrement associate6 w i t h  the flow the boundsry-layer 
ducts is included In the drag  farce. 

Data for the  simulated static  conditions were obtained by 
attaching  exhauster equipment to   t he  model discharge bucts. Reynolds 
number based on fuselage length forward of the in l e t s  was approxlmately 
29X106 at supersonic Mach numbers and 19X106 a t  a f l i gh t  Mach number 
of 0.63. 

RFSULTS AM) DISCUSSION 

F i r s t  Inlet  

The variation of i n l e t  masa-flow r a t fo  and total-pressure  recovery 
with diffuser-disdharge Mach number for the  c r u i s e  angle of attack of 3' 
and a f l i g h t  Mach number of 2,O is shown in figure 6 for the  f-st 
in l e t .  The boundary-layer-scoop mass-flaw r a t i o  was intended t o  
approxlmately satisfy aircraft coollng requirements. The inlet  maes- 
flow r a t i o  is based on free-stream  density and velocity and projected 
i n l e t  mea at the canopy. 

The peak preasure recovery of 0.66 obtained i s  ccpnparatively low 
inasmuch as recovery for a normal shock at a Mach nuniber of 2.0 l e  0.72. 
The low recovery  can be primarily  attributed  .to boundary-layer a i r  
entering  the inlet-. This is substantfated by the canopy flow surveys 
reported in  reference 4, which indicated that the boundary-lager thiclmese 
ahead of the  inlet  for the same fuselage wa8 0.80 inch or an h/S of 
0.55 for a scoop height of 0.44 inch.  Furthermore, the boundary-layer 
scoop is operating  subcrithallg as evidenced by the ecoop mass-flaw 
r a t i o  of only 0.38. The schlieren photograph in figure 7 depicts 
boundary-layer air entering the inlet  and subcri t ical  sooop operation. 
In  addition,  inclination of the splitter gla te   re la f ive   to   the  loca l  

h 
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flow direction uauses an eqpansion ahead of the M e t  which sccelerates 
the f lox, in this case frm a l oca l  canopy MBch ntmiber of 1.83 t o  a 
Mach  number of the  order of 2.0 t o  2.1. Canerequantly, the  losses 
through  the  inlet shock eystem are  greater than would be attained for an 
inlet  alined with the local flaw, ~ i c h  would utilize  the  favorable 
compression from the forebody and anopy. 

By eliminating  the  sides of the boundary-layer scoop, cr i t ic81  
operatian (no s p i l l a g e )  was attained at the scoop leading edge. This 
modification  increased  the peak pressure  recovery frm 0.66 obtained 
with enclosed m o o p  s ides  t o  0.71 for respective scoop mas-flm r a t i o s  
of 0.38 and 1.0, ae Bho& in f igwe 8 (a). The madmum mass-f lar r a t i o  
of the  inlet  m a  increased from 8 b O U t  0.90 t o  0.94. This result  agrees 
qualitatively  wlth  the  effects of h/6 and aooop mass-flow r a t i o  
presented in reference 1. 

Provisions for varying the scoop height were not  providedj  there- 
fare,  the canopy surface was modified t o  attain  the  desired scoop 
height of' 0.80 inch, as shown by the &ash& line In ffgure 3 ( a ) .  Data 
for this modification, s h m  Fn figure  8(b),  indicate 8 peak p r e y r e  
recovery of 0.73 c,ompared with  the vslue of 0.71 obtained with 
h/6 = 0.55 and scoop sides el-ted . T M S  resu l t  is much smaller 
than would be anticipated from reference 1, thus inafcating th&t the 
modification was relatively  unsuccessful. It is believed that mOaifylng 
the canopy possibly  increased  the  boundary-layer  thickness and the 
static-pressure  gradient  at  the  inlet; each has an adverse effect  on 
in le t  performance. The resulting chan@;e of %he i n l e t  flow f i e ld  is 
indicated by comparing the  schlieren photographs  presented in   f igure 9. 

The third  modification W&B t o  cut l m g i t u d i n a l  slots in the  inlet  
cowling, simflar t o  the method used In reference 1, so that low-energy 
a i r  could spill out the sides. Spilling a i r  out  the slots increased 
the peak pressure  recovery from 0.73 t o  0.75 (f ig .  lo), which is still 
considerably less than that of c m p a b l e  nose inlets .  The mass-flaw 
r a t i o ,  a t  peak pressure  recovery, wa8 reduced from 0.94 (see  fig. 8(b)) 
t o  0.85. Inasmuch as the desired modificatiom could not be accmplished 
because of physical model limitations,  the canopy fair ing was restored 
t o  the  original shape and the  inlet  m a  completely  redesigned. 

Redesigned Inlet 

Surveys of the flow f i e l d  of the unmodified canopy indioated 
practically no lOS8 of free-stream  total   presme  outside of the boundary 
layer (reference 4 ) ;  thus  the  efficient compression afforded by the 
forebody ana p i l o t  * a  canopy can be u t i l i z e d  by a l b i n g  t he   sp l i t t e r  
plate with the canopy &ace and eliminating acceleration of the flow. 
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Analysis of schlieren photo@p.aphs and data f r o m  the canopy-pitot-tube - 
and flow-deflectLon-wedge instrumentation &t an angle of attack of 3' 
indicated the following aTerage canopy Mach numbers: 

. .  . .. . .- ._i_ 

Ln addi t ion  to  allnlng the redesigned inlet wlth the canopy, the 
following changes were made: 

(I) Boundary-layer-scoop height was 0.8 inch or h/6 = 1.0 
a t  a = 3O. 

(2) The cowling l i p  was moved forward to  intercept  the  conical 
ehock a t  a local  Mach number of 1.83 (flight Mach Isumber of 2 .O) . 

(3) Sides of the boundary-layer scoop -re ellmlmted and cut  out 
further aft t o  reduce  the  possibility of apilled a i r  entering the Inlet. 

Although the inlet was effectively yawed about 3 because of body lo 

croes flow at  an angle of 3' (see Perforrnance &.the redesigned in l e t  
at angle of attack),  it was not  possible t o  modify the W e t s  t o  mini- 
m i 2 8  the 8 f f B C t E  O f  CrOEE flow. 

I 5  order t o  summaxize the effect  of these changes, perfomnanoe 
characterist ics of the redesigned in l e t  are camp&& in figure 11wl th  
the first inlet wlth ecoop Bides eliminated (dls%a from f ig .   8(a))  a t  
the design  flight Mach number of 2.0 and the  cruise angle of a t tack 
of 3'. A peak preseure  recovery of about 0.86 was obtained fo r   t he  
redesigned in le t ,  which is comparable with  the. performance of well- 
designed ramp-type s ide  " t s  (reference 4) .  m e  pressure recovery 
for c r i t i c a l  flow was 0.83. A comparFaon of the  respecti- super- 
critical drag  coefficients (based on maximum fuselage cross-sectional 
area) indicates a 28 percent  reduction  for the reaesigned inlet; this 
is .primarily cause& by the reduotion in additive  drag  associated  with 
decreasing the in l e t  a i r  epillage from approldmstely 18 t o  less than 
1 percent- of the mass .flow of a local stream tube. .determined by the 
cenopy flow survey. Low-mass-flaw spillage in the supercrit ical   region 
and complete removal of the boundary layer are shown qualitatively 
by the  schlieren  photopaph in figure 12. The redesignea inlet had a 
stable  subcritical  operating range of about l epe rcen t  of the c r i t i c a l  
mass flow. 

" 
. .- 
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Parsing the  boundary-layer-duct mass-flow r a t i o  changed the  spillage 
- out  the  sides of the scoop but  did  not change the scoop mass-flow m t i o  

or sigpificantly  alter  the mags flow entering  the inlet. 

Performance of redesimed  inlet  at m i o u s  flipbt Mach nuaiberg and 
cruise angle of attack of 3O. - In order t o  EhUUlate vwiable-gemtrg  
inlets ,   the  performanae of  the redesigned  half-conical spike inlet was 
bvestigated over a range of supersordo f l i gh t  Mach nunibem for two 
l o n g i t u d i n a l  cone positions. The variation of mass-flow ratio, t o t a l -  
pressure  recovery, and external drag coefficient H t h  diffuser-dischwge 
Mach number i.s preeented In figure 13 for two longitudinal cone 
P O E I t i O I l B .  

Pressure recoveries fram 0.95 t o  0,86 were obtained over the  range 
of f l igh t  Mach numbers f r a a n  1.5 t o  2 . 0 (see f ig .  13 (a) ) with  the cone 
in  the forward, o r  eetlmated MO m 2.0, desi- p o s i t i d .  A t  a flight 
Mach  number of 1.5, the inlet  is capturing approxLmately 88 percent of 
a stream  tube  evaluated &t the local canopy conditions. 

A t  a flight Mach  number of 1.5, shift ing  the eemioone t o  the a f t  
positlon d i d  not  signifioantly change the pressure repovery. Captured 
mass flow increased to 93 percent of  a local stream tube beOaUsf3 the 
conical. shock moved closer t o  the cowl l i p  and thue reduced spillage. 
Concomitantly, the drag coefficient for c r i t i c a l  flow decreased slfghtly. 
The 7-percent  spillage for the aft cone position  probably  could  not be 
appreciably reduced by nioving the cone further af t  because of the 
slight internal  contraction of the  inlet .  

A t  flight Mach numbers of 1.9  and 2 .O, the stable subcrit ical  
operating  range *e considerably reduced compared with that obtained 
with  the cone in the forwEtrd position.  Wanslating  the cgne a f t ;  
substantially reduced the peak pressure  recoveries fram about 0.86 
(fol.wa3.d Cone) to 0.81 .with 8 16 percent  increase in me8 flow at a 
flight Mach  number of 2.0 and from 0.90 (forward cane) t o  0.86 with a 
23  percent  increase in mss flaw st a f l i gh t   mch  m e r  of 1.9. 

The effect of translating  the cone i B  prfnaarily of  interest  when 
the  breathing  characteristics of tu rboje t  engkes are omidered;  as an 
example, the inlet-engine matching line for engine B of reference 5 
at an al t i tude of 35,000 f ee t  is indicated in figure 13. Transla-bbg 
the cone enables  the engine air-flow requirements t o  be eatisfled at 
more efficient  diffuser  points, that is, nearer t o  peak pressure 
recovery and minimum drag. 

The theoretical  conical and normal shock recovery for a 250 half-: 
angle cone at a Mach  number of 1.83 is about 0.95 ompared wLth 0.83 
(cr i t ical)   experhental ly  obtained hereb .  To determine if' the - 



disagreement is associated  with  the external or internal flow, to ta l -  
pressl;lre losses from free-stream  conditione t o   t h e  inlet entrance-rake - 
measuring stat ion,  aad f'rm the inlet rakes t o  the diffueer exit for 
the two cone poe i t ion~  over the range of flight Maah numbere, were 
plotted (flg.  14) as a function of diffuser-discharge Mach number. 
Since the' inlet   rake station is about i n c h 0  af"t; of the cowling l i p ,  
the bpo,l ,/Po losses inolude'the internal losses f r a m  the ccwl l i p   t o  
the rake; however, these are believed to be caqarat ively small. The 
k t e r a a l  duot  losses ~ l . , , 2 / p g  are  practically bdependent ~f flight cc 

0 

Mach number m d  primarily dependent on mam flow and velocity in the  N 
rn 

diffuser. Over what could  be  considered the ueeful operating rmge of 
the diffuser, the losses vary in the subcri t ical  range f'rcan about 
1 t o  4 percent of the fkee-Eltz.eam total  pressure. 

. 

me inlet   losses  h ~ ~ - ~  , b o  are  pr-lly dependent on flight- 
Mach  number and qn shock s t r u c t m  as detemnlned by mass-flow ra t io .  
These losses were two or three times the ' theoret ical  shock losees. 
The loesee up t o   t h e  canopy s ta t ion were negligible;  lossee  attributed 
to-  the angle o f  attack -of 3' were detemfned t o  be only about 2 percent 
of the free-stre? t o t a l  preseure. Therefore, ' t o   a id  In e x p l a a  
these losses, inlet-entrance rake profiles a r e  ehawn in f igwe =(a) 
for  a f l i gh t  Mach number of 2.0 and a range of diffuser-discharge Mach 
numbers (mass-f low rat ios) .  

. -  

The high-energy  core of the profiles is in  agreement Kith 
theoretical  shock losses. The difference between the  realized 
theoretical  losses is caused by boundary-layer accumulation o r  
on the compression surface (cone) and 5n the region bounded by 
and sides of the cokling and semicane (hereinafter  referred t o  
valleys) 

the 
and 
separation 
the f loor  
as 
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A s  the flight .Mach number is reduced, the region oflow-energy a i r  
at the cmpreeerim  surfaces and in  the  valleys is decreased, a0 M i -  
cated in figure E ( b ) .  Inlet profile8 for the cone i n  the a f t  poei- 
t i a n  are shown in  figure 15(c) for various flight bhch numbers. As the 
flight Mach number 1s Increased, a region of low-energy air  appeare near 
the cowl lip because the cowl is not properly  positioned witLzegard to 
the  conioal shock. 

The radial and circumferential  distribution of total-preesure 
recovery a t  the diffueer ex i t  i s  of intereflt for determining the effect  
of them flaw conditions an ram-jet conibuetim-r?hrynher design or on the 
performance of turbojet engines. Figure"16, is a map of total-pressure 
contours a t   t h e  diff'ueer exi t  for the Mo 6 2.0 cone position a t  a 
flight Mach number. of 2.0. The core of high-ener&g alr  appears in the 
upper right-hand quadrant; low-enera air appears i n  the region of the 
duct that has undergone the greatest amount of turning and that 
i n i t i a l l y  had low-energy air at  the ixilet. 

* 
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The flow 8% the difAzser exi t  Was not EepWated ins-ch 8s 
.. diametral p lo t s  of the exit-rake prOfileB indicated th8t the msasured 

static  pressures were less than the lmst measured t o t a l  pressme. 
Same separation of the flow was present in the  subeonic diffuser 
forward of the  exit. An e-le of the longitudinal and l a t e r a l  die- 
tr ibution of flow separation 1/4 Inch from the f l o w  of thO diffuser I s  
show in figure 17. In general, the flow (1/4 inch *can Burfac3e) in 
the windward valley and over the tail of the  sfterbody was sepazated 
for the % = 2.0 cone position. For the % I: 1.5 o w e  poeition, ~ a m e  
flow separation W ~ B  present Fn the region of the 8fb6rbody tail a t  
flight Mach numbers of 1.9 and 2.0. 

Redesigned Inlet  wlth meptbaok sp l i t t e r   p la te .  - In addition t o  
. the  straight Leading-edge s p l i t t e r  plate previously  discuEsed, a 

s p l i t t e r  plate with  a sweptbaok lesding edge (included angle of 96' 
from cone t i p  t o  cowling) was invedigated.  Inlet  perf'ormaaoe for the 
eweptback splitter plate  with 0.73 (maximum) and 0.43 boundary-layer- 
duct mass-flow ra t ios   a t   a   f l igh t   lkch  nlzmber of 2.0 and an, angle of' 
attack of 3' ie presented in figure 18. lzle Bweptback-eplitter-plate 
in le t  had a  etable  subcritical operat€ng range of about 18 percent of 
the  cr i t fcel  mam-flow ra t io   a s  compared, a t  equal boundary-layer-du& 
mass-flow ratio,  with L2 percent  obtained with the straight splitter 
plate (see fig. 13(a)); peak total-pressure  recoverdes were about  the 

-litter plate  with suction slots parallel t o  the p l a t e  lead- edge 
capable of comglete removal of the bound8ry-layer a i r  would be advan- 
tageous CODIpam3d with the  straight splitter plate. The boundary-layer 
duct of the  canfiguration  investigated  herein wa6 not large enough to 
permit ducting a l l  the boundary-layer air existing across the width 
of the   inlet .  By Fnte-ting tha canopy boundary-layer profile for 
h/S = 1.0 (6 = 0.8 b.}, the  percentage of a i r  that mu& be spil led out 
the open scoop sides (based on width of cwling) was dete-ed 8 s :  

- came f o r  both  configuratione. Refereme 2 predicted that a sweptbsck 

- 

0.73 (Jlmxlmmum) 41 
.43 65 

Operating  the boundary-layer duct st maximm capsoity reduced the main 
i n l e t  pressure recovery of' t h e   ~ e ~ t b a c k - s p l i t t e r - p l s t e   W e t  as much as 
2 percent in the  subcritical  region,  decreaeed the in le t  losses, and 
increased  the  internal  duct losses (eee fig. 18). 

-a The increase  in drag coefficient f o r  maximum boundary-layer-duct 
flow was approximately  canstant over the range of in l e t  maser-flow ra t ios  
and is primarily associated with the momentum decrement or frictim - lOEEeS caused by the dd i t Io IB1  m8EE fhW entering the boundary-ayer 
duct B . 



Performance of redesigned inlet at angle of attack. - For a flight 
Mach number of 2.0 and the Mo I 2-.O cone position,  the  inlet  perfor- 
marnce fo r  angles of a t tack of 0' t o ,  12' i e  presented in figure 19(a) for 
the straight splitter. plate  and hi figure 19(b) for the sweptback 
s p l i t t e r  plate. For both  canfigurationa the reduction in peak to t a l -  
pressure r a t i o  with angle of attack was appreciable,  decreasing from 
0.88 at 0' t o  0.71 a t  12' for the straight sp l i t t e r -p la te   in le t  and t o  
0.70 for the   mptback  qpl i t ter-plate  inlet at 12O. The noticeable 
difference between the inlet performance with  the two sp l i t t e r   p l a t e s  
is the  ertensian of the stable  subcrit ical   operating ran& for the 
sweptback design at angles of attack of Oo, 3O, 6 O ,  and go. 

- 

IC 
0 
Lo cu 

Inlet performance for the "Q = 1.5 CmB porsftion asd the straighe 
leading-edge spl i t ter  plate is sham in figure 20 f o r  a flight Maoh 
number of. 1.5 fo r  angles of attack from 0' to l2O. A t  8 flight Maoh 
number of 1.5, the m e t  is relat ively  imensi t ive to anglee of attack 
f h . m  oo t o  90. 

Flow approach angles measured in a slngle plane pa ra l l e l   t o  the 
canopy surface a t  statim 68.6 are presented in table I for a range of 
flight Mach numbers and angles of  attack. For a flight Mach ntllliber 
of 2.0 at the deslgn.  cruise an@$) of attack of 3O, the  flaw i e  
approaching  the i n l e t  axis at e ; at zero angle of attack, the flow 
def lec t ion   ie  about - . Thus, the  pressure recovery and mase-flaw 
clmracteristics of the   in le t  obtained at Oo (fig. 19) may be  indicative 
of the performance tha t  could be expected  wlth the ftmelage a t  an 
angle of attack of 3' ana the inlet-  &e ciiii.*Gd- -3O in the  direction of 
the  local flow. 

lo 
2 

. " 

Typical  inlet  total-preseuge-ratio  profiles  for  each cone posi- 
tion at deerign Mach number are  pres-ented. in -figure 21 f& various 
angles of attack. For a flight Mach number of 2.0, progkessive 
deterioration of the flow profi le  of the wtndward inlet rakes is  
shown as the angle of' at tack is raised (fig. 2 1  (a) 1 ; a t  an angle of 
at tack of 1Z0, the windward rakes Indicate  eeparsted flaw except near 
the  surface .of the semicone. At a f l i gh t  Mach number of 1.5, deteri- 
oration of.  the wfndward inlet rake profile not indioated until the 
angle of attack is  U0 ( f ig .  21 (b) ) , which ie the WIIB trend observed 
for the w i a t i a n  of total-pressure recoverg wl€h .angle- of attack. 
Internal separation data showed that the lateral and langitudlnal 
dis t r ibut ions  in  a qingle plane 1/4 Inch f'ram the diffuser  f loor was 
not  severely-  affected by angle of attauk,  .although  the  separation may 
extend higher  than  the  plane of measurement. 

. .  

Maps of total-presaure  contours at the diff'ueer exit for angles 
of attack of Oo, go, and 12' are  shown in figure 22. The high-energy 

c 
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core of air  is effectively  rotated  counterclockwise as the -le of 
attack is increased. A amall regian of sepsrated flaw is indicated fm 
an angle of attack of 9' an appreciably larger region for  an angle 
of attack of l Z 0 .  

Performance of redesimed inlet a t  fli&t Mach numbers of 0.63 
and 0 .  - For  turbojet-powered aircraft the  subsonic and take-off  perfor- 
mance of supersonic inlets is of  Interest.  Total-pressure  recoveries 
and mse-flow ra t ios  for the aft or Mo = 1.5 cone position  are  presented 
in figure 23 for a flight Mach nuniber of  0.63 snd angles of attack from 
Oo t o  9'. Mass-flow r a t io  is based on free-stream  density and velocity 
and minimum inlet   area.  The diffuser-discharge MElch numbers  were 
computed fiom mass flow and t o t a l  preesure to   s a t i s fy  ane-dlmensional 
omtlnuity. B reference 3 a method of averaging  local  diff'ueer- 
discharge Mach numbers from pressure  rake  data W ~ E  used t o  present  the 
presme  recoveqes  at subsmic conditione for the   inlet  with the 
centerbody removed. 

Pressure recovery for c r i t i c a l  ~ B E B  flow varied f'rcm 0.97 at zero 
angle of  attack t o  about 0.90 a t  an angle of attack of go. The 
critical IIBEB flow, at  a = Oo, was about 91 percent of the 
theoretical ~ S B  flow calculated f o r  choking at the minimum area, .thus 
indicating  the magnitude of the vena contra&. Evaluatim of exbeml 
cawlhg pressure  distribution  (uncorrected for tunnel  effeote) indi- 
cated a c r i t i c a l  flight Mach number of 0.78 a t  an angle of attack of 3' 
fo r   c r i t i ca l  mass-flow r a t i o ,  according t o  the Jidrdn-ICsien extra- 
polation. 

Air-flow requfremnts f o r  w i n e  B of reference 5 could  be satis- 
fied at a pressure  reoovery of about 0.89 a t  zero angle of at tack a t  
sea  level, as  indicated on figure 23; however, the  inlet-engine matching 
point is fn the low-pressure recovery  regIan of cm6tant I&%BS flaw. 
For turbojet  engines  operating at constmrb rotatian&l speed the Mach 
number at the  face of the  .ccqressor  increases with increasing  altitude; 
thus, perfoz%nce at al t i tude would be limited for the  particular engine 
illustrated (see f ig .  23) unlese the minimum in le t  flow mea was 
increased. 

Inlet  rake  total-preseure-ratio prof i les  are presented in figure 24 
f o r  a flight Mach  number of 0.63 and various angles of attack. Deteri- 
oration of the flow profile on the. windward side of the inlet is indi- 
cated a t  an angle of attack of go. 

Inlet  performance a t  zero flight Mach  number w i t h  t he   a f t  cone 
position  ie  presented i n  figure 25. Mass-flow r a t i o  is based ca?. ambient 
pressure and minimum in l e t  area. Beseure recoveries  greater than 0.90 
were attainable only at mass-flow ra t ios  of lees  than 0.47 because of 



the vena-contra- effect .  The size of vena c m t r a o t a  is lllurstrated 
by the  leveling off of the mass-flaw c m e  at  r a t io s  of about 0.71 
compared with a theoret ical   ra t io  of  unity.  Therefore, mlnlmum inlet 
area would need t o  be inoreased by some technique suoh as '%low-in" 
doors o r  the tramlatin@; slotted cowl- reported In reference 6, 
unless the thrust lose assooiated with the low-pmseure recoveries 
Could be tolerated far take-of'f . 

Ew"cI#y OIP RE0IJLTS 

The performance of EOOOP inleter was inverstiga-ted  over a range of 
supersonic Mach UIJ~~BTB fkam 1.5 to 2.0 at angles of attack -can 0' 
t o  12O as well as at subsonic Mach numbers of 0 and 0.63. The Inlets 
-re mounted In a distorted flaw on the fuselage of a propoeed aLrplane. 
The I n l e t s  uti l ized half of a conical  spike as the cangression &a08 
and ram boundary-layer scoops. In  order t o  simulate a variable-geometry 
Fnlet,  the semicane was Investigated in two longttudinal  poeitians. 
Two types of sp l i t t e r   p la tes  were used t o  separate the flow entering 
the boundary-layer duct and the main inlet. The folluwing results W B ~  
obtained : 

1. A peak pressure  recovery of 0.86 was attained for subcri t ical  
operation a t  a flight Mach rimer of 2.0 (loud Mach nuuiber of 
about 1.8s) and an angle of attack of 3' wlth complete removal of the 
fuselage boundary layer forwsrd of the Inlet and the semicme in  the 
fo- poslticg. Pressure recoveries of 0.95 were obtained st .a 
flight Mach  number of 1.5 (looal Mach num3er O F  1.39). The inlet 
captured  practically all the local stream tube at a f l i g h t  Mach number 
of 2.0 and a pressure  recovery of 0.83, b u t  spilled  about 1 2  percent of 
t h e  l o c a l  stream  tube a t  a f l i g h t  Mach number-of 1.5. 

2. Tranelating  the senloone ta the aft position  decreased the m&ss- 
flow spi l lage  to  7 percent at a flight Mach number of 1.5 with no 
significant change in pressure recovery. A t  f l i g h t  Mach numbers of 1.9 
and 2.0, the k l e t  operating  range  wlth the a f t  cone position was 
severely limited by pulsing, and pressure recovery was substantially 
reduced. 

3. A t  a flight Mach  number of 2 .O, peak total-pressure  recovery 
var ied  *om 0.88 t o  0.70 over the angle-of-attack raage of 0' t o  12' . 
A t  a flight Mach number of 1.5, inlet   perf omnance was re la t ive ly  -- 

insensitive t o  v a r i a t i o n ~  of ~ l e  of attack *om 0' t o  go. 

4. With a straight leading-edge s p l i t t e r  plate, the s tab le  
subcrit ical .rmge was 12 percent of the criti-cal m&e flow at a flight 
Mach number of 2 .O and an angle of attack of' 3' with cone in a forward 
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position. Sweep- bsck the  spl i t ter-plate  leading edge increased the  
Et8ble subcri t ical  range t o  18 peraent of the c r i t i a a l  msss flow; peak 
pressure  recovery was not changed. The Bweptback desi- a lso had a 
larger  stable  subcrltical  range at angles of attack of Oo, 6O, an8 9'. 

5. At a flight Mach number of 0.63 with the aft cone position, a 
pressure  recovery of 0.97 W&B at ta ined  for  critical m e t  flow. The 
c r i t i c a l  ma5s flow was o n l y  91 peroent of  that theoretically possible. 
Tests a t  z e r o  Mach  number indicated the existence of a large vena- 
contracta  effect at the W e t  which linited pressure recoveries 
greater than 0.90 t o  mss-flow r a t io s  less than 0.47; thus, take-off 
performance may be rest r ic ted unless same s o r t  of auxiliary inlet  is 
used. 

Lewis Flight  Propulsion  Laboratory 
National Advisary Committee for Aeronaut ics  
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Figure 1. Photograph of mOael w i t h  twin semicone inlets. 
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Inlet  

Redesigned ~ - F b m d  or % - 2.0. cone position 
- -" Aft v r " q  = 1.5 cone p a i t i o n  

"- P o d  or % = 2.0 conk position 

.a First 

.6 

.4  
64 68 72 76 

Longitudinal du I station, in. 

Figure 4.  - Variation of local  to maximum I n l e t  area ra t io  with longltudiaal 
duct  station  for  configurations  investigated. b, flight kch number. 
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Figure 5. - Photograph o f  Internal aad remable campy instrumentatlm. 
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I NACA RE4 E52GO8 

Figure 6. - Variation of i n l e t  performance..@th. diffwer--di~charge Mach number. First inlet. F l i g h t  Mach number, 2.0; angle of -." " . .  
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C -  2 9 0 7 9  

Figure 7. - SchlLeen photogrgph of first inlet at flight W h  number of 2.0 and angle 
of  attack of 3’. Diffuser-discherge Mach number, 0.325. 
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Diffuser-discharge Mach number, M2 

(b) Modified cariopy. 0.55 c h/6 1.00; (z)b, 0.53 - 0.61; (>,. < 1.00. 

Figure 8, - Concluded: Variation of inlet performance r j i t h  diffuser- 
. .  

discharge Mach number. First inlet, scoop sides eliminated. FUght 
Mach number, 2.Uj tingle of attack, 3O. 
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Figure 10. - Variation of Inlet performance wfth diffuser-discharge 
Mach number. First inlet, scoop sides eliminated, modified canopy, 
and slotted cowling. Flight Mach number 2.0; angle o f  attack, 3'; 
0.55 h/6 e 1.00; (z)bj 0.56 - 0.61; 
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Figure 11. - Comparison of inlet performance of first. i n l e t .  vith Scoop 
sides eliminated and redesipged inlet. FJight IkcR number, 2.0; . - .  

angle of a t t a c k ,  3O. 
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Pigure 12. - Schlieren photograph of mde~igned inlet at flight Mach number of 2.0 and 
angle of aCtaok of 3O. Diffuser-diecharge &ch nwnber, 0.'283. 
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Diffuser-discharge Mach number, p4! 

(a) Forward or f l i g h t  Mach number = 2.0 cone pxitim. 

Figure 13. - Variation OP i n l e t  perfo-ce .with dif?u&r-disc&rge Mach.number at various 
f l ight  Mach numbers for redesigned i n l e t .  - Angie of attack, 3O. 
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Diffuser-discbarge  Mach  number, + 
(b) A f t  o r  fllght Mach number = 1.5. cone p a i t i o n .  

Figure U. - Concluded.  Variation of inlet performance vlth diffuser-discharge Mack nmber at 
various flight  Mach nmbers for redesigned inlet. Angle of-attack, 3O. 
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(a) Forward  or flight Mach number.= 2.0 cane position. 

.16 .20 - .24 .28 .32 .36 
Diffuser-diachasge Mach number, M2 

(b) A f t  or flight-Mach number = 1.5 cone position: - 

Figure 14. - Variatlon'of  total-presaure l o a ~ l e ~  u?Lthidlffiaer3.hi6charge k c h  number f'or 
redesigned  Inlet at irarioua flight Mach numbera. Angle of attack, 3'. 
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Total-pressure ratio,  p1'/p0 

5 = 0.269 + = 0.254 M2 = 0.227 

(a) Forwar& cone position. Flight Mach number, 2.0. 

Figure 15. - Starboard i d a t  total-pressure ratio rake profiles. 
Angle of attack, 30. %, diffuser-&ischarge Mach number. 
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Total-pressure  ratios, P ~ , / P ~  

hb = 1.5 
% = .245 

!+J = 1.7 UO = 1.9 
% = .226 . % = .236 

(b) Forward cone position.  Various flight lkch numbers b. 

Figure E. - Continued. Btarboard inlet total-pfes- ratio 

Mach number. 
rake  profiles.  Angle of  attack, 3'. %, dift-user-discharge 

1.0 
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M2 .284 MZ' .283 - -264 4 = .283 
( c )  A f t  cone position. Various flight kch numbers %. 

Flgura 15. - Concluded. Starboard i n l e t  total-pressure ratio rake profiles. 
A n g l e  of attack, 3O. Hz, diffuser-discharge ME& number. 
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,-Vertical dlff’uier- 

W A  RM E5208 

Figure 16. - Diffuser-discharge l o c a l  total-pressure contours. for  redesigned  inlet  with 
straight  splitter p l a t s .  View in plane nonus1 to  angle-of-attack axis looking aft6 
Flight  Mach number, 2.0; diffuser-discharge  Mach number, 0.2543 angle of attack, 3 J 

pressure recovery, 0.842. Forward cone paition. 
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0 Location of impact tubes 
XRatIo of static to total 

preasure 2 1.0 

Schematic diagram of subsonic diffuser =" Typical impact and 
and locat ion of impact tubes static orifice 

1. 
Figure 17. - Distribution of separated flow i n  starboard subsonic diffuser. Forward cone position. 

Flight Mach number, 2.0; angle of attack, 3'; diffuser-discharge Mach number, 0,269. 

w 
-4 

. .  . 



. . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . - - - 

1.2 

.2. 

B 
0 



NACA RM E52G08 39 

.9 

Diffuser-discharge Mach number, % 
(a) Spl i t ter   p la te   with  s t ra ight   leading edge. 

Figure 19. - Variation of inlet performance  with  diffuser-discharge 
Mach number a t  various  angles of attack  for  redesigned inlet a t  
f l i g h t  Mach  number o f  2.0. Forward o r   f l i g h t  Mach number = 2.0 
cone position. 
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Difflrser-discharge Mach number, 5 
(b) Spli t ter   p la te   with sweptback leading e&@: : .. . 

Figure 19. - ConcEudea. .. Variation of. . inlet  performince ~ - t h  diff'user- 
discharge Mach number a t  various angles of attack f o r  redesigned 
In le t  a t  flight Mach  number of 2 .O . Forward o r  flight Mach number = 2 .O 
cone posttion. 
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Figure 20. - Variation o f  i n l e t  performance d t h  diffuser-discharge 
Mach number at various angles of a t tack  for redesigned  inlet  with 
straight  leading-edge  spli t ter  plate at flight Mach number of 1.5. 
Aft o r  f l i g h t  Mach number = 1.5 cone position. 
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(a) Forward cone position.  Flight Mach number, 2.0; 

Figure 21. - Starboard  inlet  total-pressure ratio- rake  profiles for 
various angles of attack a and diffuser-discharge Mach numbers M2. 
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Figure 21. -.Concluded. Starboard i n l e t  total-pressure 
r a t i o  rake p ro f i l e s  for various angles of a t t ack  a 
and d i f fuse rd i scha rge  Mach numbers %. 
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(a) Angle of a t tack ,  0'; pressure recovery, 0.855. =937 
Figure 22. - Diffuser-disoharge total-pressure contours for redesigned inlet 

with straight splitter plate. VTew . i n  plane nWnial to angle-ofiatkck axis 
looking aft. Flight Mach n d e r ,  2.0; diffuser-dlsoharge Mach number, 0.254. 
Forward oone posl-blon. 
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Figure 22. - Continued. Diffuser-discharge lxrbal-presslxre oontours for  
redesigned inlet  with s t r d g h t  splitter plate. View in plane normel to 
angle-of-attack ~ ~ l e ~ l o o k i n g  aft. FLight Mach number, 2.0; diffuser- 
dlschaxge Mach number, 0.254. Fornard cone poattion. 
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( c )  Angle of attack, 12 0 j pressure reCo6%y"0.-707~. . -  

Figure.22. - Concluded.  Diffuser-discharge total-pressure oontours for 
redesigned  inlet with straight a p l i t t e z  plate. View in plane normal to 
angle-of-attack axis looking aft. Flight Mach number, 2.0; diffuser- 
discharge Mach number, 0.254. Forward cone position. 
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Figure 23. - Variation o f  W e t  performance  with  diffuser-discharge  Mach  number 
at  various  angles of attack for redesigtled  inlet n i t h  straight leaang-edge 
Splitter  plate  at  flight  hkch  number of 0.63. h?b or flight  Mach  number = 1.5 
cone  position.  Boundary-layer-duct  flow, maximum. 
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Figure 24. - Starboard in le t  tokl-pressure ratia rake-pofiles various 
angles of a t t a c k  a and diffuser-discharge Mach numbers M2. A f t  C.one 
pos i t i on .  Flight Mach number, 0.63. 
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Figure 25. - Variation of inlet performance with diffuser-discharge 
Mach number at zero flight Mach number for redesigned inlet. A f t  
or flight Mach number = 1.5 cone position. 
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